Qualification and occupation-based measures of skilled labour are constructed to explain the skill premium -the wage of skilled labour relative to unskilled labour in New Zealand. The data exhibit a more rapid growth in the supply of skilled labour than the skill premium, and a very large increase in the real minimum wage over the period from 1986 to 2005. We estimate the rate of increase in the relative demand for skills and the elasticity of substitution. The data are consistent with skill shortages and a skill-bias technical change. We examine the effects of the minimum wage, capital complementarity, and the exchange rate on the skill premium. We also test whether the demand for skills and the elasticity of substitution varied across industries and over time.
Introduction
There is a large literature on wage inequality between skilled and unskilled labour. In the U.S., the skill premium -a ratio of the wage of skilled labour to the wage of unskilled labour -increased by more than 25 percent and the wage of unskilled labour declined over the period 1979-1995. i There is an agreement among economists that this wage inequality is explained by shifts in the supply of, and the demand for skills. However, there is a disagreement on the role played by the erosion of labour market institutions such the minimum wage. And, there is a disagreement on whether the wage inequality reflected a secular rise in the demand for skilled labour, which is associated with the expansion in the use of computers (technology-skill complementarity), and the decline in the relative supply of college equivalent workers, or it was a one-off episode.
To-date, there has been no empirical studies on this subject in New Zealand.
ii The New Zealand government has been concerned about skill shortages (e.g., see the Department of Labour's reports about skill shortages information, skill news, and action plans among many other related documents).
iii New Zealand embarked on a very wide micro-macro reform process in the mid 1980s, which continued well into the early 1990s and undoubtedly affected the time series properties of the data. Also, the New Zealand data exhibited different trends from the US data. Wages of skilled and unskilled have positive mild trends. The distribution of the average hourly wage exhibits small, but growing gaps, between those in the top (90 th percentile), at the median and those who are in the bottom (10 th percentile). By industry, the distribution shows positive trends in the 90 th , 50 th and the 10 th percentiles, but the gaps between the skilled and the unskilled earners are negligible in almost all industries, except in industries like Finance, Insurance, Banking and Community, which include the education sector and rely on computers. In these industries, the gaps between the top and bottom earners are relatively large and seem to be driving the aggregate data. Figure 1 plots the indices of the 90 th , 50 th and the 10 th percentiles.
In the decade immediately after the reform from 1987 to 1996, the relative supply of skills grew rapidly (3.7 percent) while the skill premium declined (-1.2 percent), which is consistent with the prediction of economic theory. During the period from 1997 to 2005, the relative supply of skills grew at a positive, but a much slower rate (1.76 percent) and the skill premium increased (1.5 percent) . Most of the changes in the relative supply of skilled labour are induced by large changes in the supply of university-qualified workers with little or no significant changes in the supply of other qualifications. Over the whole period from 1986 to 2005, the relative supply of skills increased by 2.7 percent and the skill premium increased only slightly (0.09 percent).
On average, the low increase in the skill premium may reflect, among other things, a low share of skilled labour in employment.
The shares of university-qualified workers, professionals and associate professionals etc. in total employment have been increasing over time, but they are relatively smaller than the shares of workers with high school, vocational and no qualifications. See figure 2. On average, less than 10 percent of employed workers have university training and professionals are less than 20 percent.
In this paper we will estimate the rate of change in the demand for skills and the elasticity of substitution. We also test the hypothesis that the small increase in the skill premium is related to the increase in the real minimum wage, which may have compressed the gap between the wage paid for skilled and unskilled labour. The real minimum wage increased by more than 20 percent over the period from 1987 to 2005. The exchange rate affects labour demand and therefore wages via multiple channels. Campa and Goldberg (2001) provide a model and evidence that the labour demand curve, hence, wages are affected by the depreciation rate and that these changes come through changes in the shares of imports of intermediate inputs and the share of exports. We test the effect of the real exchange rate depreciation on the skill premium.
The analysis is organised as follows. First, we define "skilled labour". In the literature, measures are mainly qualification-based, but in this paper we compute and analyse an occupation-based measure as well. Second, we estimate the rate of increase in the demand for skills. We take into account the effects of labour market institutions such as the minimum wage. Also, we take into account capital complementarities and examine the effect of the exchange rate depreciations on the skill premium. Third, we examine whether the demand for skilled labour has increased over time. Fourth, we examine whether skill shortages are an economy-wide phenomenon or whether they are localised in particular industries.
iv
We estimated the increase in the demand for skills over the period 1987 to 2005 to be 2 percent. In the decade immediately after the reform from 1986-1996 the demand was about 1 percent. The demand for skills during the second decade after the reform from 1997 to 2005 is not significantly different from 2 percent, which is consistent with recent skill shortages. These estimates are also consistent with various estimates of productivity growth, e.g., Razzak (2003) .
We estimated the elasticity of substitution to be >1. This evidence along with the increase in the demand for skills, the skill premium, and the supply of skills over time suggests that the increase in the demand for skills maybe consistent with a model of an endogenous skill-bias technical change, where technologies are skill-complementary, Acemoglu (1998) . v An increase in the supply of skills induces firms to produce and / or adopt new technologies, which lowers the skill premium in the short run via the usual substitution effect. However, in the long run, the size of the market for technology could increase. If this effect dominates other relative price effects, the larger the supply of skills the larger is the technology effect. This direct technology effect induces higher profits, higher productivity, and higher skill premium. In the long run, these changes induce even more demand for skills. Also, there is evidence for capital-skill complementarity. The minimum wage has a significant, but small economic impact on the skill premium. The exchange rate depreciation seems to reduce the skill premium.
Section 2 presents the theory. In sections 3 and 4 we discuss the data and test several hypotheses. In section 5 we introduce an occupation-based measure of skills and test the same hypotheses. Conclusions are in section 6.
Theory
We start with a typical Constant Elasticity of Substitution production function (CES) used in this literature, e.g., Autor et al. (2005) , for aggregate output with two factor inputs; quantities of employed skilled and unskilled labour, s L and u L , respectively. The superscripts s and u denote skilled and unskilled respectively. We will introduce industry and time subscripts later in this section.
(1) 
In a competitive market, the marginal product of labour is equal to the real wage. Thus taking the derivative with respect to s L equation (1) gives the wage of skilled labour:
so when the number of skilled workers increases relative to unskilled workers, their wage rate falls (i.e., excess supply).
Taking the derivative with respect to unskilled labour yields the wage of the unskilled labour:
so that as the fraction of skilled labour in the labour force increases, the unskilled wage should increase.
Combining equations (2) and (3) we get the skill-premium, which is the ratio of the wage of the skilled labour to the wage of the unskilled (the marginal rate of substitution):
The ratio of wages (skilled to unskilled) is the wage premium, which can be re-written:
Equation (5) says the skill premium increases when we have skill shortages, i.e., If skilled and unskilled workers are producing the same good, but performing different tasks (e.g., complex and less complex), then an increase in the number of skilled workers will induce a substitution of unskilled workers with skilled workers because the skilled workers will be cheaper and can perform more complex tasks. However, if the skilled and unskilled workers produce two different goods, then the increase in the number of skilled workers will induce a substitution of the consumption of the unskilled good by the skilled workers.
Differentiating (5) with respect to technology gives:
Thus, the effect of a change in technology on the skill-premium depends on the size of the elasticity of substitution between skilled and unskilled labour. Ifσ is greater than one then improvements in the skill-complementary technology will increase the skill premium. This is associated with an outward shift in the demand curve. If 1 < σ , an improvement in skill-complementary technology shifts the demand curve inward, reducing the skill-premium. However, it is understood that the skill premium (wage of the skilled labour) increases when workers become more productive and that is when 1 > σ . Acemoglu (2002) computes implied relative productivity for a given value of σ as (7)
This quantity is a proxy for skill-bias technological change. If u s A A / increases over time andσ >1 then this can be interpreted as a skill-bias technical change, i.e., skilled workers are more productive.
In Acemoglu (1998) , an increase in the relative supply of skills initially results in a decline in the skill premium (the substitution effect) along a downward slopping short-run relative demand for skills curve. Firms respond to the increase in the relative supply of skills by producing new technology, which is skill-complementary and the market size for technology begins to increase (the direct technology effect). The model predicts that if the direct technology effect dominates the relative price effect the skill premium increase because of the shift in the short-run relative demand for skills. The larger the supply of skills the higher the skill premium will be in the long run as firms' profits and productivity continue to increase. The long-run relative demand for skills is upward slopping. Figure 3 illustrates. The relative supply of skills is drawn with two segments, a vertical segment (infinitely inelastic supply) like in Acemoglu and a flatter upward slopping segment. The latter might be more consistent with the stylised facts presented earlier, i.e., New Zealand is a relatively low productivity, low wage economy, and higher shares of unskilled workers such as no qualification (20 percent / . Point ( c ) describes the New Zealand data better than ( c′ ) because the skill premium did not increase significantly even though the demand for skills increased substantially and resulted in skill shortages.
vii The long-run relative demand for skills connecting points ( a ) and ( c′ ) is D′ ; it is upward slopping. The longrun relative demand for skills consistent with the New Zealand data is D and connects points ( a ) and ( c ).
The simplest regression to test for a trend in skill-bias technical change is given by the linear regression:
In a regression like the one above, relative technological change depends on a constant term and time. If we substitute this in equation (5) we get:
With the subscript ( i ) denotes industry and ( t ) denotes time. The assumption underlying this model is that the skill premium paid to a particular skill may vary across industries in the short run. Workers of similar skill levels move around, but in the long run the adjustment is complete and the skill premium equalize across industries. The assumption will be tested. We also assume that there is no a priori reason to believe that the elasticity of substitution is the same across industries. Pooling the time series and the cross section also increase the number of observations and allow us to estimate a more reliable standard errors.
Equation (9) is the "plain vanilla" version. It says that when
grows at a rate greater than that of technology, the skill premium will fall. The opposite happens to the skill premium when the supply of skills grows at a rate lower than that of technology. Trend is a proxy for unobserved demand due to technical progress, which might result from an increase in the use of ICT and GPT (Information and Communication Technology and General Purpose Technology).
viii The impact of a change in the relative supply of skilled labour on the relative wages depends on the size of the aggregate elasticity of substitution between the two skill groupsσ .
Data
We use pooled times series -cross section data from 1986 to 2005 for seven industries. The employment data used in this paper are from the New Zealand Household Labour Force Survey (HLFS). For qualifications, the survey asks "What is your highest education level?" Respondents have several options, high school, vocational, university etc. The HLFS began in 1986. The last observation is September 2005. The HLFS samples approximately 15,000 households and 30,000 individuals aged 15 and over each quarter. The HLFS did not begin collecting wage information until the introduction of an annual income supplement (HLFS-IS) to the June quarter HLFS in 1997. The wage data used between 1986 and 1996 are from the New Zealand Household Economic Survey (HES) and from 1997 to June 2005 are from the HLFS. The HES survey began in 1974 and was surveyed annually until 1998, and thereafter tri-annually. A sample of approximately 3,000 eligible households is achieved each year, divided equally between the four quarters.
Our sample also includes seven industries. (1) We combined Agriculture, Hunting, Forestry, Fishing, Mining and Quarrying in one to avoid missing values; (2) we combined Manufacturing, Electricity, Gas and Water for the same reason, (3) Construction, (4) Wholesale and Retail Trade, Restaurants and Hotels, (5) Transport, Storage and Communications, (6) Finance, Insurance, Real Estate and Business Services, and (7) Community, Social and Personal Services. For simplicity, industry 1 will be referred to as Agriculture, 2 is Manufacturing, 4 Wholesale, 5 Transport, 6 Finance and 7 Community. ix We use two measures for skills. The first is a qualification-based measure and the second is an occupation-based measure. The first measure is a widely used measure of human capital in this literature. x We measure the relative supply of skilled labour as the ratio of employed workers with university qualifications plus ½ the employment of workers with school & vocational qualifications to employed workers with no qualifications plus ½ the employment of workers with school & vocational qualifications. Acemoglu (2002) and Autor et al. (1998) , among others, use a similar measure. The idea was first introduced by Welch (1969) to calculate collegeequivalents. They aggregate non-college education groups, for example, those with some college and high school, into college-equivalents on the basis of the extent to which their wages track those of the pure skill groups. xi It is necessary to add some of those with a school & a vocational qualification to the university-qualified workers because, on average over the period 1986-2005, 64% of the New Zealand labour force fall into this group. We also experimented with a measure where skilled workers are those with university qualifications only. by industry. An obvious upward trend in the skill premiums in some, but not all industries, is apparent in the data. As shown earlier, relative average wages have not increased substantially over the sample. The skill premium data look almost identical whether we use a qualification or an occupation -based measure. Only in industry 6, Finance we observe significant differences. However, the relative supplies of skilled labour seem different in Agriculture, Wholesale, Finance and Community industries (1, 4, 6 and 7) .
Our estimation strategy is as follows: Our sample includes 7 industries over the period 1986-2005. We provide a variety of fixed effect estimates. We begin by estimating the simple regression in equation (9), where the skill premium is a function of a linear trend and the relative supply of skilled labour. We estimate the linear trend and the implied elasticity of substitution. We then augment the regression with one variable at a time; the minimum wage; the stock of capital per unit of output; output to account for the deviation from constant returns and variables that account for the business cycle; and a variable to capture the effects of international trade.
Most studies estimate a time series regression similar to that in equation (9) in levels. Surprisingly, although the data exhibit trend, tests for unit roots are not common in this literature. The individual industry level data have strong positive trends, which might be stochastic. We used tests such as the ADF, Phillips-Perron (1987) and Elliott (1999) time series tests. We also ran a number of panel data unit root tests to take advantage of additional data points. We used the panel data version of the ADF, Im-Pesaran-Shin (1997) , and Levin-Lin-Chu (2002) , the and . We could not reject the null hypothesis that the relative employment data have unit roots. For the relative wage of skilled labour, however, the tests were inconclusive. The tests are very sensitive to the lag structure. With one and two lags, most tests reject the unit root hypothesis. With three lags, the tests could not reject the unit root hypothesis. That being said, the coefficient estimates of the regression in levels can be super-consistent iff the variables are cointegrated.
It makes no sense to test for (no cointegration) if
is really I (0) and
is I (1). However, when both time series are I (1) we also tested the residuals of equation (9) for unit root using the same tests above. We rejected the hypothesis of a unit root in the residuals, i.e., the two series are cointegrated. The interpretation of these tests is typical: unit root means shocks to relative employment and wages are persistent. We will run all regressions in levels following the literature, but we are cautious of the results in the absence of cointegration.
We estimate the regressions using aggregated data for male and female, but we also estimated regressions with data for males only. We do not report these results to save space. Also, we provide evidence for the change in trend over the sample and estimates for trend and the elasticity of substation by industry. It is important to note that the HES wage data are more variable, compared with the HLFS-IS, and may reflect the smaller sample size of the HES, which has an implication for our estimated coefficients. We believe that the estimates over the sample 1997 onwards are much more reliable than estimates over the sample from 1987 to 1996 for this particular reason.
We use two estimators, EGLS and GMM-EGLS.
xiii Table 1 reports 8 sets of estimates. In the first column we list the regressors. The wage premium and the relative supply of skills are qualification-based and measured as we described earlier. In columns 2-3 we report the coefficient estimates and their P-values. The trend implies that demand for skills is 1.8 percent over the sample. The elasticity of substitution is 4 (1/0.25), which is very large compared with estimates reported for the US in the studies we cited earlier.
In columns 4-5 we augment the regression with the log real minimum wage, which is only binding from 1992 onwards because industries paid higher wages than the minimum wage prior to 1992. We multiply the log real minimum wage by a dummy variable that takes a value of zero from 1986-1991 and 1 elsewhere. The coefficient is -0.02 and statistically significant. However, we interpret the magnitude as economically insignificant. The coefficient has the expected negative sign, i.e., an increase in the real minimum wage reduces the wage premium by a very tiny amount. The inclusion of the minimum wage in the regression does not alter the estimate of the trend, which is 2 percent, but the elasticity of substitution increases, 4.3 (1/0.23).
Capital-skill complementarity was suggested by many, e.g., Griliches (1969) and Krusell et al. (2000) . Economic theory predicts that industries with a larger stock of capital -given the amount of labour, have higher wages because labour productivity would be higher. In columns 6-7 we augment the regression with two variables, capital stock intensity, which is measured as the stock of capital -real GDP ratio and the real GDP as an additional regressors, which captures the deviation from a constant return to scale (or the business cycle). The production exhibits constant returns to scale if this coefficient is zero. The elasticity of capital-GDP ratio with respect to the skill premium is 0.09 positive and only significant at the 10 percent level. GDP is insignificant. There is no change in the estimate of trend and the minimum wage. The trend is estimated to be 2.4 percent. The elasticity of substitution is 3.7 (1/0.27) Campa and Goldberg (2001) present a dynamic model of labour market equilibrium, where within each year some combination of employment and wage adjustments equilibrate the labour market in response to shocks. They study the effect of the exchange rate on wages and employment. The exchange rate shocks affect labour demand by affecting the marginal revenue product through changes in domestic and foreign sales and the cost of imported intermediate inputs. They show that (i) when the production technology is labour-intensive, labour demand is less responsive to movements in the exchange rate; (ii) Greater import penetration of domestic markets raises the sensitivity of labour demand to the exchange rate; (iii) Higher export orientation of an industry increases the sensitivity of its labour demand to exchange rate movements; and (iv) Greater reliance on imported inputs into production reduces labour demand following a strong domestic currency. The New Zealand data show a very substantial growth in the imported capital goods in machinery and plant and in transport, 120 percent over the period from 2000 to 2006. The growth rate in imported intermediate goods is 12 percent over this period. xiv In columns 8-9, we report a regression with the real exchange rate depreciation rate as an additional explanatory variable. We also tried the nominal TWI exchange rate with no change in results. We don't report the latter to save space, but the results are available upon request. The real exchange rate shock is t q ln ∆ , where t q is the real exchange rate. Depreciation of the Kiwi dollar has a negative sign, but insignificant. The trend is 1.6 percent, the elasticity of substitution is 3.4 (1/0.29).
xv There is no significant change in the coefficient of the minimum wage. The coefficient of capital intensity increased slightly and remained significant. The coefficient of the real GDP is insignificant. The diagnostic tests of the regressions indicate that the fit is good and the residuals are white noise.
xvi
The second set of results in table 1 are in columns 10-11, 12-13, 14-15 and 16-17 respectively. These regressions are estimated using GMM-EGLS. As shown, the parameter estimates of the trend are almost identical to those estimated by EGLS. However, the estimated elasticity of substitution changes significantly. We obtain estimates ranging between 1.58 and 3.57, which are within the reported US estimates. There is no change in the estimates of the coefficients of the minimum wage. The coefficient of capital intensity has become larger in size and more significant. The real depreciation is significant and has a negative sign as predicted. In this particular regression the elasticity of substitution is 2.1 (1/0.47), the coefficient of GDP is larger, positive and significant at the 10 percent level, and the trend is significant but smaller in magnitude, 1 percent. The instruments used in GMM seem to have significant impact on the estimates, except for the estimates of the trend, which remain more or less unchanged. The diagnostic tests are unchanged from previous regressions. The over-identification restrictions of the instruments could not be rejected by the J statistics.
Did the demand for skilled labour change over time?
The answer is yes. Our time series sample is relatively short. Testing for change in demand over time requires splitting the sample into two subsamples and testing whether the coefficients are equal. The dependent variable -the skill premium -consists of two different data sets, HES and HLFS. We split the sample at the end of 1996, where we ended the HES data and started the HLFS. Visually, there seems to be a clear positive trend in the skill premium from 1997 onwards, which is highly likely explained by the quality of the data. The hypothesis is that skill shortages intensified recently.
We estimate the following fixed-effect regression using GMM-EGLS: 
The increase in the demand in the first sub-sample is estimated to be 1 percent. Our original estimate of the increase in the demand for the whole sample was 2 percent. We test whether the estimate for the first sub-sample is equal to the estimate of the whole sample. The Wald statistic 2 1 χ has a Pvalue of 0.0137, thus the hypothesis is rejected. The estimate of the increase in the demand in the second sub-sample, however, is 1.6 percent, which is not different from 2 percent, i.e., the estimate of the whole sample. The Wald statistic has a p-value of 0.4480. We test whether the coefficients of the two sub-samples are equal. The p-values for the Wald statistics We interpret these results as evidence of the increase in the demand for skills in the period 1997 onwards. The increase in demand is consistent with the skill-bias technical change hypothesis.
xvii However, we really don't know how much of the result is attributed to the change in the surveys in 1997.
The results that the estimate ofσ is greater than one, the increase in demand for skills over time, and the increase in the supply of skills are consistent with "endogenous skill-biased technical change," as we showed in the theory section. When skill-biased technologies are more profitable, firms will have more incentives to develop -and use or adopt -such technologies (e.g., the use of computers, Information Communication Technology ICT and General Purpose Technology GPT). This will lead to demand more skilled labour. Workers will also have incentives to up-skill so that they can use technologies.
Do the estimates of the demand and the elasticity of the relative supply of skilled labour (the implied elasticity of substitution) vary across industries?
We allow the coefficient of trend and the relative supply of skilled workers to vary across industries. First we report regression results, where only the coefficient of the trend term varies across industries. All other coefficients are fixed. Second, we allow the elasticity of the relative supply of skilled labour only to vary across industries. Third, we allow all coefficients to vary across industries.
The results are reported in table 2. One general conclusion is that the coefficients vary across industries. And it is highly probable that the demand for skills is relatively higher in the services industries: Finance, Insurance, Real Estate and Business Service; Community, Social and Personal Services industries and in Transport, Storage and Communication.
We only report the EGLS results. GMM-EGLS is difficult to use in estimating this regression because of the large number of coefficients; we eventually run out of degrees-of-freedom. The first column reports the variables, followed by six columns. In the column labelled 1 we report the regression with varying trends. In the column labelled 2 we calculate the implied elasticity of substitutionσ . In column 3 we report the results of the regression, where only the elasticity of the relative supply of skills varies across industries, while we kept the trend fixed. The estimated trend coefficient 0.014, which is again smaller than the average estimate reported in table 1 earlier. We found that the estimates of the elasticities also vary considerable across industries. xx The implied elasticity of substitution reported in column 4 varies from 1.47 in Agriculture to 8.33 in Finance. The average is 3.32, which is higher than our earlier estimates that we reported in table 1. We found that EGLS estimators in all regressions reported earlier, which we did not report, are also smaller in magnitudes than those of GMM-EGSL.
In column 5 we report the regression where all coefficients are allowed to vary across industries. There are more coefficients to estimate here and we obviously run into degrees-of-freedom problems. The estimated standard errors are imprecise. The elasticities seem different from those reported in columns 3 and 4 thus one should be careful in interpreting them.
Another measure of skills
Some argue, correctly, that some occupations require skills, but not necessarily a formal university education, e.g., a barber. There is very little use of occupation-based measures of skills in international literature. However, the New Zealand Department of Labour's skill reports are only concerned with occupations. Similarly, Australia, the U.K. and the U.S. regularly publish statistics about occupational shortages.
It is challenging to re-estimate the same regressions that we reported earlier using an occupation-based definition of skills. First, there are changes in classification. Occupation switched from NZSC068 to the NZSCO90 classification in 1991/1992 HES survey. Second, industries also switched from NZSIC (New Zealand) to ANZSIC (Australia and New Zealand) classification in the1996/1997 HES survey. Third, some data are really unreliable because of small sample problem, e.g., female workers in Agriculture and Construction are very small samples. Also females in top professionals and managers are based on small samples.
To deal with these problems we had to use a much shorter sample. We use data from 1992, and effectively the samples are even smaller when we use GMM because the instruments are the lagged regressors. For this reason one should be cautious about these results. That being said, the results are qualitatively similar to those derived using qualification-based definitions earlier.
To see the differences between the surveys, for NZSCO68, we divide individuals into three groups: Group 1 includes agricultural, production (and missing) workers and we call this group the unskilled labour. Group 2 includes clerical, sales, and services. Group 3 includes professionals and managers. For NZSCO90 group 1 includes agricultural, machine operators, elementary workers (and missing). Group 2 includes technicians, clerks, service/sales, and trade workers. Group 3 includes professionals and managers. We decided that group 3 is all skilled labour while group 1 is unskilled labour, but group 2 is half skilled and half is not.
The skill premium is measured as (group 3 wages + ½ group 2 wages) / (group 1 wages + ½ group 2 wages). Similarly, the relative skilled labour is measured as (employment of group 3 + ½ employment of group 2) / (employment of group 1 + ½ employment of group 2). xxi Over the period 1992-2005 and across all industries, average hourly wages for group 1, 2 and 3 grew by 2.3, 2.7 and 3.4 percent respectively. Employment grew by 2.6, 2.0 and 3.7 percent respectively. The wage premium grew by 0.07 percent on average while the relative skilled employment grew by 0.05 percent. These means suggest that demand must have shifted up, slightly, more than supply.
The main GMM-EGLS regression results (effective sample 1996-2005) 
We used a constant term, a trend term and four lags of
as instruments. The estimated demand is less than 1 percent a year, which is a lot smaller than our previous estimates of about 2 percent a year, and the elasticity of the relative supply of skilled labour is also smaller than our previous estimates, which gives as an implied elasticity of substitution of 1/0.34 or 2.9. We do not include the other regressors in the regression because we have a smaller sample and we wanted to conserve on the degrees-of-freedom.
We have data for arrivals and departures by occupation only. We don't have data by industry so we could not include such variable in the regressions. Workers of various skills leave New Zealand for many reasons, which reduce the supply of skills and affect the skill premium. Over the period from 1992 todate, New Zealand annual net migration (arrivals minus departures) has been positive from 1992-1998, negative from 1998-2000, and positive since 2001. Some occupations still have a negative net migration. However, net migration for "top guys" the managers, professionals, technicians and associate professionals has been positive since 2002.
Summary and Conclusions
The New Zealand economy has been experiencing a strong upward shift in the demand for skilled labour and a significant equal increase in the supply of skilled workers which are consistent with an endogenous skill-bias technical change. Firms' adoption of new technologies requires skilled labour, which increases the demand and induces workers to up-skill, which increase the supply. Our estimates of the elasticity of substitution exceed one, thus given these demand and supply changes, improvement in the skill-complementary technology increased wages for skilled and unskilled labour. However, the increases in the wages were small because the increase in the demand was only slightly larger than the increase in the supply of skills. Using qualificationbased measures of skilled labour, our estimates of demand are about 2 percent annually over the period from 1986 to 2005.
We found significant differences across industries when we allowed the coefficient to vary across industries. Our estimates of the elasticity of substitution varied across industries. Also, demand for skills are relatively higher in the services industries (i.e., Finance, Insurance, Real Estate, and Business Services and Community, Social and Personal Services), which are more dependent on computers and ICT. We conclude that the services industries may have experienced high levels of complementary technological shocks and accounts for more skill shortages. Relative to Agriculture and Manufacturing, these industries' GDP still makes a small percentage of total GDP, but the OECD trend of these industries seems to increase over time and one can imagine that the size of this sector in New Zealand to increase in the future. This will mean more demand for skilled labour. There is an increase in demand for skilled labour across all industries from1997 onwards as compared with the demand over the period prior to 1997.
There is evidence that labour market institutions, such as the minimum wage, have the expected compressing effect on the skill premium. In other words, they reduce the gap between the wage paid to skill labour and the unskilled labour. However, the effect seems to be economically small. Capital-skill complementarity is present; industries that have more stock of capital experience a higher growth in the skill premium.
We attempted to test the effect of openness of the economy on the demand for labour and the skill premium by using the real depreciation rate (the relative price of non tradable goods) as an additional regressor, Campa and Goldberg (2001) . The idea is that the orientation of the economy changed in 1985 when the exchange rate was floated and its variability increased significantly. We are cautious about our results because they seem to be sensitive to the method of estimation. However, the sign of the estimated coefficient is negative as predicted by the theory. We interpreted this to mean that the real depreciation of the Kiwi dollar increases the cost of imported intermediate inputs, thus higher cost of production. The depreciation also increases the revenues generated by exporting industries. On average, if the cost exceeds the revenues the demand for skilled labour and the skill premium fall. J is the Sargan test statistic of over-identifying restrictions ~2 χ with the degree-of-freedom equal to #instruments minus # parameters. 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 i For the U.S. for example see Katz and Murphy (1992) , Murphy and Welch (1992) , Katz and Autor (1999) , Katz and Autor (1999) , Goldin and Katz (2001) , Acemoglu (1998) , Acemoglu (2002) , Lemieux (2002) , Card and Lemieux (2001) among others. International studies includes, for example, Berman, Bound and Machin (1998) , and Machin and Van Reenan (1998) .
ii The New Zealand Treasury published two discussion papers, Borland (2000) and Acemoglu (2001) (1) lack of data to measure experience and (2) when using age as a proxy for experience we encountered missing data for young and old people with university degrees, which forced us to work with very small sample. Also we found missing data for age in industries like Agriculture, Fishery…and Construction, which reduces the size of the panel and makes the estimates of the standard errors large. vi The production function allows for different interpretations. It is consistent with a closed economy with an underlying utility function defined over two goods, one is produced by skilled labour and the other is produced by an unskilled labour. It is also consistent with a one-good economy, where skilled and unskilled workers are imperfect substitutes in the production of this good. Further, it is also consistent with an economy with different sectors producing goods that are imperfect substitutes and skilled and unskilled workers working in these sectors. Skilled and unskilled labour are gross substitutes when 1 > σ and gross complements when 1 < σ . 0 → σ is the case, where output could be produced by fixed proportions (Leontieff); ∞ → σ , is where skilled and unskilled workers are perfect substitutes; and when 1 → σ the production function is a Cobb-Douglas.
vii Future research will be to estimate the labour supply elasticities.
viii The technology shocks s A and u A are unobservable. We have data for TFP by industry, but these cannot be specified in terms of skilled and unskilled labour so we cannot use TFP data in the regressions. It is common in this literature to use a time trend. It is also difficult to estimate the effect of computers and ICT because the data by industry are not adequate for estimation. The sample is too small (1996 onward at most).
ix We combine Agriculture, Hunting, Forestry, Fishing, Mining and Quarrying; and Manufacturing and Water, Electricity and Gas to increase the sample and avoid missing values.
x It was not possible to intersect qualification and occupation because of small sample size in the data. For example, it is difficult to find data for professionals and managers with no qualifications and Agricultural workers with university degrees…etc.
xi We tried a sensitivity analysis by using weights like ¼ and ¾ instead of ½, but they made very little difference.
xii We dropped this measure. The regression result has incorrect signs. The regression is misspecified due to measurement errors.
xiii The Generalized Least Squares method and the Generalized Method of Moments are used to estimate the coefficients. Dropping the subscripts for simplicity, the GMM estimator GMM accounts for endogeneity. The former estimator produces biased and inconsistent parameter estimates if any of the regressors are endogenous. It is also appropriate when the economic model is not fully specified. GMM is a robust estimator because it does not require information about the exact distribution of the error term. A common and typical problem with GMM is the weak and inadequate instruments. Unfortunately, we only have lagged values of the regressors, the trend, and a constant term to use as instruments. We use up to three lagged values of the regressors as instruments unless otherwise indicated.
xiv They also show that industry-specific elasticity of response to the exchange rate movements are significantly correlated with the skill composition of workers. Industries with a higher proportion of college-educated workers exhibit higher wage elasticities in response to the exchange rate shock, possibly because of the high cost of hiring or firing workers.
xv We also allowed the real exchange rate depreciation to vary across industries. We estimated the regression using EGLS only. We found that the real depreciation rate to have a negative effect on the skill premium in all industries, except Agriculture. For Agriculture the coefficient was positive and larger in magnitude than all other coefficients, 0.47. Agriculture is an unambiguously export-oriented industry in New Zealand so it must be highly affected by fluctuations in the real exchange rate. Most significant coefficients are found in Community and Wholesale. The rest of the coefficients are either marginally significant or insignificant. Results are available upon request.
xvi The weighted 2 R are between 0.84 and 0.93; DWstatistic is between 1.92 and 2.0 so we cannot reject the hypothesis that the residuals are white noise since we have already corrected the regressions for heteroscedacticity, and the J statistics for testing the overidentifying restrictions suggest that the hypothesis of over-identifying restrictions cannot be rejected in all regressions.
xvii We tested the hypothesis that demand is the same over the sample 1986-1992, and 1993-2005 . We could not reject the hypothesis that they are equal. The estimated demand was 2 percent per annum. 
